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3LQHWUDFHVDW6WDU&DUUHYLGHQFHIURPUHVLGXHVRQVWRQHWRROV

6KDQQRQ &URIW D  $QGUp &DUOR &RORQHVH D  $OH[DQGUH /XFTXLQ D  2OLYHU ( &UDLJ D  &KDQWDO &RQQHOOHU E            
1LFN\0LOQHU D

 &RUUHVSRQGLQJ DXWKRU (PDLO DGGUHVV VKDQQRQFURIW#\RUNDFXN  0DLOLQJ DGGUHVV %LR$U&K        
(QYLURQPHQW 'HSDUWPHQW RI $UFKDHRORJ\ 8QLYHUVLW\ RI <RUN :HQWZRUWK :D\ +HVOLQJWRQ <RUN          
<2'' 8.
D 'HSDUWPHQWRI$UFKDHRORJ\7KH.LQJ¶V0DQRU8QLYHUVLW\RI<RUN<RUN<(38.
E 'HSDUWPHQW RI $UFKDHRORJ\ 6FKRRO RI +LVWRU\ &ODVVLFV DQG $UFKDHRORJ\ 1HZFDVWOH 8QLYHUVLW\           
1HZFDVWOHXSRQ7\QH1(588.


$%675$&7

7KH FRPELQHG XVH RI PLFURVFRS\ DQG RUJDQLF UHVLGXH DQDO\VLV RQ VWRQH WRROV IURP            
WKH (DUO\ 0HVROLWKLF VLWH RI 6WDU &DUU (QJODQG KDV WHQWDWLYHO\ LGHQWLILHG UHVLGXHV           
FRQVLVWHQW ZLWK SLQH 3LQDFHDH IDPLO\ WUHH FRPSRXQGV 0LFURVFRSLF UHVLGXHV IURP         
QLQH VWRQH WRROV RULJLQDWLQJ IURP VHYHUDO ORFDWLRQV DQG GDWHG EHWZHHQ FD  ±            
FDO %& ZHUH IRXQG WR FRQWDLQ WUDFHV RI GLWHUSHQH FRPSRXQGV FRQVLVWHQW ZLWK           
GHK\GURDELHWLF DFLG '+$ R[RGHK\GURDELHWLF DFLG R[R'+$ DQG      
GHK\GURGHK\GURDELHWLF DFLG GHK\GUR'+$ WKURXJK DQDO\VLV E\ *&06      
6HGLPHQW VDPSOHV WDNHQ GLUHFWO\ XQGHUQHDWK HDFK WRRO GLG QRW FRQWDLQ DQ\ RI WKH            
DERYH FRPSRXQGV DVVRFLDWHG ZLWK 3LQDFHDH 7KH UHVXOWV VXJJHVW WKH XVH RI          
3LQDFHDHUHVLQE\(DUO\0HVROLWKLFKXQWHUJDWKHUHUVLQWKLVUHJLRQ

.H\ZRUGV
5HVLGXH DQDO\VLV VWRQH WRROV UHIOHFWHG YLVLEOH OLJKW PLFURVFRS\ 9/0 JDV         
FKURPDWRJUDSK\PDVVVSHFWURPHWU\*&060HVROLWKLF6WDU&DUU

+,*+/,*+76

Ɣ )LUVWWLPHFRQLIHUUHVLQVDUHGLUHFWO\DVVRFLDWHGZLWKVWRQHWRROVIURP6WDU&DUU
Ɣ )LUVWXVHRI*&06RQVWRQHWRROVZLWKUHVLGXHVRQO\YLVLEOHDWDPLFURVFRSLF
VFDOH
Ɣ 6HGLPHQWVDPSOHVIURPEXULDOHQYLURQPHQW\LHOGHGQRUHVLQFRPSRXQGV
Ɣ /LQNVXJJHVWHGEHWZHHQVWRQHWRROVDQGWKHLUXVHLQ(DUO\0HVROLWKLF%ULWDLQ

,QWURGXFWLRQ

6WDU &DUU LV DQ LPSRUWDQW (DUO\ 0HVROLWKLF VLWH LQ 1RUWK <RUNVKLUH (QJODQG GDWLQJ WR             
FD  FDO %& )LJ  5HFHQW H[FDYDWLRQV XQGHUWDNHQ VLQFH  KDYH           
PDGH UHPDUNDEOH GLVFRYHULHV LQFOXGLQJ VXEVWDQWLDO ZRRGHQ SODWIRUPV HYLGHQFH IRU        
WKH HDUOLHVW µKRXVH¶ &RQQHOOHU HW DO  DQG WKH HDUOLHVW H[DPSOH RI 0HVROLWKLF            
SRUWDEOH DUW LQ %ULWDLQ 0LOQHU HW DO   $ WRWDO RI  VWRQH WRROV DQG                
VHGLPHQW VDPSOHV KDYH EHHQ PHWLFXORXVO\ UHFRYHUHG IURP ZHOOGDWHG GHSRVLWV XVLQJ         
DQWLFRQWDPLQDWLRQ SURWRFROV VSHFLILFDOO\ IRU UHVLGXH DQDO\VLV &URIW   7KHVH        
UHPDLQV DOORZ DQ LQYHVWLJDWLRQ RI PDQ\ DVSHFWV RI OLWKLF SURGXFWLRQ LQFOXGLQJ          
PLFURVFRSLFRUJDQLFUHVLGXHVSRWHQWLDOO\DVVRFLDWHGZLWKXVDJHDQGWHFKQRORJ\


)LJ
/RFDWLRQ RI WKH VLWH RI 6WDU &DUU LQ 1RUWK <RUNVKLUH 8. 6RXUFHG IURP 0LOQHU HW DO  ,QWHUQHW                 
$UFKDHRORJ \OLFHQFHGXQGHU&&%<

5HFHQW VWXGLHV RI VWRQH WRROV IURP 6WDU &DUU LGHQWLILHG UHVLGXHV PLFURVFRSLFDOO\ DQG           
FKHPLFDOO\ FKDUDFWHULVHG WKHP XVLQJ 6(0('6 )7,50 DQG PLFUR5DPDQ       
VSHFWURVFRS\ &URIW  &URIW HW DO   7KHVH DQDO\VHV VKRZHG WKDW PRVW           
UHVLGXHV ZHUH QRW DQWKURSRJHQLF DQG OLNHO\ RULJLQDWHG IURP WKH FKDQJLQJ FKHPLFDO          
FRPSRVLWLRQ RI WKH VHGLPHQW %RUHKDP HW DO E D 0LOQHU HW DO              
0LFUR5DPDQ LQ SDUWLFXODU ZDV XVHIXO WR GHWHUPLQH UHVLGXH RULJLQ $PRUSKRXV         
UHGRUDQJH GHSRVLWV RQ VWRQH WRROV ZHUH K\SRWKHVLVHG WR EH UHVLQRXV UHVLGXHV          
EDVHG RQ PLFURVFRSLF DSSHDUDQFH EXW ZKHQ WHVWHG XVLQJ PLFUR5DPDQ        
VSHFWURVFRS\ ZHUH LGHQWLILHG DV LURQ ,,, R[LGH &URIW HW DO   D PDWHULDO DOVR             
LGHQWLILHG IURP RFKUH DUWHIDFWV DW RWKHU 0HVROLWKLF VLWHV QHDU 6WDU &DUU 1HHGKDP HW            
DO   /LNHZLVH LW ZDV DOVR GHWHUPLQHG XVLQJ PLFUR5DPDQ VSHFWURVFRS\ WKDW          
OLWKLF UHVLGXHV SURSRVHG DV SRVVLEOH VLOLFD SK\WROLWKV RU ZRRG\ WLVVXH ZHUH DFWXDOO\           
J\SVXP &URIW HW DO   *ROG FRORXUHG FU\VWDOV LQYHVWLJDWHG ZLWK PLFUR5DPDQ          
VSHFWURVFRS\ RQ DQ HQJUDYHG VKDOH SHQGDQW IURP 6WDU &DUU ZHUH UHYHDOHG DV S\ULWH            
IUDPERLGV WKDW IRUP QDWXUDOO\ LQ SHDW 0LOQHU HW DO   &ROOHFWLYHO\ WKHVH UHVXOWV            
GHPRQVWUDWHG WKDW LQWHUSUHWDWLRQ RI UHVLGXH LGHQWLW\ EDVHG RQO\ RQ YLVLEOH         
REVHUYDWLRQV KDV WKH SRWHQWLDO WR EH LQFRUUHFW $V SUHYLRXVO\ VKRZQ H[SHULPHQWDOO\          
E\ 0RQQLHU HW DO   3HGHUJQDQD DQG %ODVFR   &URIW HW DO   DQG             
&URIW  WKHUH DUH RIWHQ QR GLDJQRVWLF VWUXFWXUHV YLVLEOH LQ FUXVKHG DQG VPHDUHG            
PRGHUQ OLWKLF UHVLGXHV VXFK DV PXVFOH DQG ERQH ZKHQ UHIOHFWHG YLVLEOH OLJKW           
PLFURVFRS\ 9/0 DQGRU 6(0 DUH XVHG 7KHVH VWXGLHV KDYH KLJKOLJKWHG WKH LVVXH RI            
UHOLDELOLW\RIDUFKDHRORJLFDOUHVLGXHLGHQWLILFDWLRQE\YLVXDOPHDQVDORQH

*DV FKURPDWRJUDSK\ FRXSOHG ZLWK PDVV VSHFWURPHWU\ *&06 KDV EHHQ SUHYLRXVO\         
XVHG WR FKDUDFWHULVH WKH FKHPLFDO QDWXUH RI DPRUSKRXV RUJDQLF UHVLGXHV RQ VWRQH           
WRROV IROORZLQJ VROYHQW H[WUDFWLRQ LQ PDQ\ FDVHV WR LQYHVWLJDWH WKH RULJLQ RI SXWDWLYH            
UHVLQRXV DQG ELWXPLQRXV UHVLGXHV ([DPSOHV RI UHVLQRXV DQG ELWXPLQRXV UHVLGXHV RQ          
VWRQH WRROV LGHQWLILHG XVLQJ *&06 LQFOXGH ELUFK EDUN WDU  %HWXOD VS 0D]]D HW DO             
  FRQLIHU UHVLQ  3RGRFDUSXV HORQJDWXV  &KDUULp'XKDXW HW DO    DQG          
ELWXPHQ %RsGD HW DO    &kUFLXPDUX HW DO  +DXFN HW DO             
 IURP WKH 3DODHROLWKLF DQG ELUFK EDUN WDU DQG SLQH UHVLQ 5HJHUW  5HJHUW             
HW DO  IURP WKH 1HROLWKLF ,Q 1RUWK $PHULFD *&06 KDV LGHQWLILHG VSUXFH UHVLQ             
RQ VHYHUDO VWRQH WRROV IURP VLWHV LQ WKH &DQDGLDQ <XNRQ VWUHWFKLQJ RYHU D  \HDU              
SHULRG +HOZLJHWDO 

2UJDQLF UHVLGXH DQDO\VLV ZDV SUHYLRXVO\ FRQGXFWHG DW 6WDU &DUU E\ $YHOLQJ DQG           
+HURQ  RQ RQH RI WKH PLFUROLWKV ZLWK D OXPS RI UHVLQ DGKHULQJ WR LW DQG ILYH                
µUHVLQ FDNHV¶ ± DOO IRXQG LQ *UDKDPH &ODUN¶V RULJLQDO H[FDYDWLRQV   7KHLU *&            
DQG *&06 UHVXOWV FOHDUO\ GHPRQVWUDWH WKH SUHVHQFH RI PDQXIDFWXUHG ELUFK EDUN WDU           
DW WKH VLWH +RZHYHU GXULQJ RXU H[FDYDWLRQV DQG H[DPLQDWLRQ RI HYHU\ SLHFH RI IOLQW             
QR VLJQV RI UHVLGXHV ZHUH YLVLEOH DW WKH PDFURVFRSLF OHYHO DQG QR IXUWKHU µUHVLQ             
FDNHV¶ ZHUH IRXQG /XPSV RI ELUFK EDUN WDU IRXQG DV ERWK LQGLYLGXDO SLHFHV DQG OLWKLF              
UHVLGXHV KDYH EHHQ XQHDUWKHG DW RWKHU 0HVROLWKLF VLWHV LQ 1RUWKHUQ (XURSH LGHQWLILHG           
E\ VLPSOH YLVXDO LQVSHFWLRQ %DQJ$QGHUVHQ  %RNHOPDQQ HW DO  *UDPVFK          
DQG .ORVV   DQG *&06 DQG GLUHFW WHPSHUDWXUH UHVROYHG PDVV VSHFWURPHWU\          
'706 $YHOLQJ  $YHOLQJ DQG +HURQ   5REHUWV HW DO  9DQ            
*LMQ DQG %RRQ   +HUH ZH SUHVHQW WKH ILUVW XVH RI PDVV VSHFWURPHWU\            
WHFKQLTXHV RQ VWRQH WRROV ZKHUH WKH UHVLGXHV ZHUH RQO\ YLVLEOH DW WKH PLFURVFRSLF            
VFDOH

7KLV SDSHU LQYHVWLJDWHV WKH FKHPLFDO VLJQDWXUHV RI YLVLEOH DPRUSKRXV UHVLGXHV         
SUHVHUYHG RQ QLQH 0HVROLWKLF VWRQH WRROV IURP 6WDU &DUU 7KH UHVLGXHV ZHUH DQDO\VHG            
XVLQJ *&06 ZKLFK GHWHFWHG FRPSRXQGV W\SLFDOO\ DWWULEXWHG WR 3LQDFHDH UHVLQ 7KLV          
LV WKH ILUVW WLPH WKDW FRQLIHU UHVLQV DUH GLUHFWO\ DVVRFLDWHG ZLWK VWRQH DUWHIDFWV DW WKH              
VLWH VXJJHVWLQJ D OLQN EHWZHHQ VWRQH WRRO PDQXIDFWXUH DQG XVH GXULQJ WKH (DUO\            
0HVROLWKLFLQ%ULWDLQ


0HWKRGV

6DPSOLQJSURFHGXUH

'XULQJ H[FDYDWLRQV D WRWDO RI  VWRQH WRROV DQG VHGLPHQW VDPSOHV ZHUH WDNHQ RQ             
VLWH IRU UHVLGXH DQDO\VLV ,Q RUGHU WR UHGXFH SRWHQWLDO PRGHUQ FRQWDPLQDWLRQ WKH           
VWRQH WRROV ZHUH FDUHIXOO\ OHYHUHG RXW RI WKH VHGLPHQW DQG SODFHG LQ LQGLYLGXDO SODVWLF             
]LSORFN EDJV ZLWKRXW FRQWDFW ZLWK KDQGV $VVRFLDWHG VHGLPHQW VDPSOHV ZHUH WDNHQ          
GLUHFWO\ XQGHUQHDWK HDFK VWRQH WRRO DQG DOVR SODFHG LQWR ]LSORFN EDJV 2I WKHVH D             
VXEVDPSOH RI  VWRQH WRROV a ZHUH H[DPLQHG XVLQJ UHIOHFWHG 9/0 &URIW           
 

2XW RI  VWRQH WRROV WZHOYH SLHFHV ZLWK DPRUSKRXV GDUN GHSRVLWV ZHUH VHOHFWHG            
IRU RUJDQLF UHVLGXH DQDO\VLV E\ *&06 ,Q DGGLWLRQ ILYH QHJDWLYH FRQWUROV VWRQH           
WRROV ZLWK QR PLFURVFRSLFDOO\ YLVLEOH UHVLGXHV ZHUH DQDO\VHG &KURPDWRJUDPV IURP         
DOO WRROV ZHUH H[DPLQHG ILUVW WKHQ VHGLPHQW VDPSOH FRQWUROV Q   IRU WRROV             
FRQWDLQLQJ 3LQDFHDH FRPSRXQGVDQGDOOQHJDWLYHFRQWUROVZHUHDQDO\VHG

6DPSOHV RI VHGLPHQW WDNHQ GLUHFWO\ XQGHUQHDWK HDFK H[FDYDWHG WRRO ZHUH ODLG RXW RQ            
DOXPLQLXP IRLOOLQHG WUD\V ORRVHO\ FRYHUHG ZLWK IRLO DQG DLU GULHG DW DPELHQW           
WHPSHUDWXUH a & WR UHPRYH PRLVWXUH (DFK VHGLPHQW VDPSOH ZDV KRPRJHQL]HG          
ZLWK DQ DJDWH PRUWDU DQG SHVWOH ULQVHG ZLWK GLFKORURPHWKDQH '&0 EHWZHHQ HDFK           
VDPSOH +RPRJHQL]HG VDPSOHV ZHUH ZHLJKHG WR  J DQG SODFHG LQ JODVV WXEHV            
FRQWDLQLQJ  ORIWKHLQWHUQDOVWDQGDUG& DONDQHDWFRQFHQWUDWLRQRI  J O

3RZGHU DQG VWDUFKIUHH JORYHV 6HPSHUJXDUG  ZHUH ZRUQ GXULQJ KDQGOLQJ DQG         
FOHDQLQJ RI VWRQH WRROV DQG JORYHV ZHUH FKDQJHG EHWZHHQ VDPSOHV WR DYRLG           
FURVVFRQWDPLQDWLRQ (DFK VWRQH WRRO ZDV FOHDQHG ZLWK GHLRQL]HG ZDWHU DQG ODLG RXW           
WR GU\ RQ WUD\V OLQHG ZLWK D QHZ OD\HU RI FOLQJ ILOP )RU PLFURVFRSLF DQDO\VLV WKH               
VWDJH ZDV SUHSDUHG LQ WKH VDPH ZD\ DV QRWHG E\ &URIW HW DO  %OX7DFN ZDV               
XVHG WR SURYLGH D PROGDEOH VXSSRUW EDVH IRU HDFK WRRO ZKLFK ZDV RYHUODLG ZLWK D              
QHZ OD\HU RI SODVWLF SDUDIILQ ILOP 3DUDILOP 0 WR FUHDWH D IUHVK XQXVHG VXUIDFH WKDW              
VHSDUDWHG WKH PROGDEOH %OX7DFN IURP HDFK VWRQH WRRO 7KLV SUHYHQWHG         
FRQWDPLQDWLRQ DQG ORVV RI UHVLGXHV (DFK VWRQH WRRO ZDV SODFHG RQ WKH PLFURVFRSH            
VWDJHDQGPDQRHXYUHGXVLQJDQHZJORYH

5HIOHFWHGYLVLEOHOLJKWPLFURVFRS\9/0

6WRQH WRROV ZHUH ILUVW H[DPLQHG ZLWK UHIOHFWHG 9/0 /HLFD '0 0 $OO HGJHV DV             
ZHOO DV WKH GRUVDO DQG YHQWUDO VXUIDFHV RI WKH WRROV ZHUH VFDQQHG XVLQJ WKH [ DQG               
[ REMHFWLYHV DQG SRWHQWLDOO\ UHVLQRXV UHVLGXHV ZHUH ORFDWHG )LJ  0LFURVFRSLF          
YLVXDO FKDUDFWHULVWLFV UHFRUGHG IRU HDFK LQ VLWX UHVLGXH LQFOXGHG FRORXU VKDSH          
WH[WXUH EULJKWQHVV UHIOHFWLYLW\ WUDQVSDUHQF\ VWUXFWXUDO SDWWHUQV SUHVHQFH RI       
LGHQWLILDEOH FHOO PDUJLQV ZKHUH SRVVLEOH SUHVHQFH RI PLFURFU\VWDOV DQG WKHLU FRORXU          
DQG VKDSH QDWXUH RI UHVLGXH GHSRVLW HGJHV FLUFXODU UDJJHG DQJXODU HWF 5HVLGXH           
ORFDWLRQV ZHUH GRFXPHQWHG DQG ]VWDFNHG LPDJHV WDNHQ XVLQJ /HLFD $SSOLFDWLRQ         
6XLWH $IWHU RUJDQLF H[WUDFWLRQV ORFDWLRQV RI WKH UHVLGXH GHSRVLWV ZHUH UHYLVLWHG ZLWK           
UHIOHFWHG 9/0 WR FRQILUP WKDW WKH WDUJHW UHVLGXH KDG EHHQ UHPRYHG E\ WKH VROYHQW             
DQGVRQLFDWLRQVHH)LJ


)LJ
7KHORFDWLRQRIUHVLGXHVIRXQGRQQLQHVWRQHWRROV


)LJ
/HIW%ODFNDPRUSKRXVUHVLGXHORFDWHGRQPLFUROLWKSULRUWRVROYHQWH[WUDFWLRQDQG*&06
5LJKW%ODFNUHVLGXHGHSRVLWDIWHU*&060RVWRIWKHGHSRVLWZDVUHPRYHGEXWVRPHUHVLGXHVWLOO
UHPDLQV

2UJDQLFUHVLGXHDQDO\VLV

7ZHOYH VWRQH WRROV FRQWDLQLQJ DPRUSKRXV GDUN FRORXUHG UHVLGXHV DQG WKHLU         
DVVRFLDWHG VHGLPHQW VDPSOHV FRQWUROV WR WHVW WKH EXULDO HQYLURQPHQW ZHUH VHOHFWHG          
IRU OLSLG H[WUDFWLRQ DQG *&06 DQDO\VLV 7KHVH UHVLGXHV ZHUH K\SRWKHVLVHG WR EH           
UHVLQRXVEDVHGRQWKHLUPLFURVFRSLFDSSHDUDQFH

)LYH DGGLWLRQDO WRROV DQG WKHLU DVVRFLDWHG VHGLPHQWV ZHUH VHOHFWHG WR SURYLGH D           
QHJDWLYH FRQWURO JURXS 7KHVH WRROV ODFNHG YLVLEOH PLFURVFRSLF UHVLGXHV WKXV QR          
UHVSRQVH IRU UHVLQUHODWHG FRPSRXQGV ZDV H[SHFWHG IURP WKH WRROV RU DVVRFLDWHG          
VHGLPHQWV E\ *&06 $OO VDPSOHV DUH OLVWHG LQ 7DEOH  %ODQN FRQWUROV WR WHVW IRU ODE               
FRQWDPLQDWLRQ ZHUH LQFOXGHG DV VWDQGDUG SURWRFRO GXULQJ SUHSDUDWLRQ RI VDPSOHV DQG          
*&06

7DEOH
6DPSOHGDUFKDHRORJLFDOVWRQHWRROVQHJDWLYHFRQWUROVDQGVHGLPHQWVDPSOHFRQWUROV
1XPEHU 7\SH 6DPSOHW\SH &RQWH[W &RQWH[WGHVFULSWLRQ
 0LFUROLWKIUDJPHQW 7RROZLWKUHVLGXHV  *UH\RUDQJHFOD\RQGU\ODQGSDUWRIWKHVLWH
 %XULQ 7RROZLWKUHVLGXHV  :RRGSHDW
 )ODNH 7RROZLWKUHVLGXHV  :RRGSHDW
 %XULQ 7RROZLWKUHVLGXHV  5HHGSHDW
 %ODGH 7RROZLWKUHVLGXHV  )LOORIVPDOOSLW
 0LFUROLWK 7RROZLWKUHVLGXHV  8SSHUILOORIGDUNVLOW\IHDWXUHVWUXFWXUH
 %ODGH 7RROZLWKUHVLGXHV  'HWULWDOPXGV
 0LFUROLWK 7RROZLWKUHVLGXHV  6PDOOVDQG\OHQVLQWUHHERZO
 0LFUROLWK 7RROZLWKUHVLGXHV  3RVVLEOHILOORIIHDWXUH
 %ODGHOHW 7RROZLWKUHVLGXHV  2[LGLVHGSHDW
 %ODGHOHW 7RROZLWKUHVLGXHV  :RRGSHDW
 0LFUROLWK 7RROZLWKUHVLGXHV  :RRGSHDW
 %ODGH 1HJDWLYHFRQWURO  *UH\RUDQJHFOD\RQGU\ODQGSDUWRIWKHVLWH
 %ODGHOHW 1HJDWLYHFRQWURO  'HWULWDOPXGV
 %ODGHOHW 1HJDWLYHFRQWURO  5HHGSHDW
 %ODGHIUDJPHQW 1HJDWLYHFRQWURO  5HHGSHDW
 6FUDSHU 1HJDWLYHFRQWURO  :RRGSHDW
B6 ± 6HGLPHQWVDPSOHFRQWURO  5HHGSHDW
B6 ± 6HGLPHQWVDPSOHFRQWURO  )LOORIVPDOOSLW
B6 ± 6HGLPHQWVDPSOHFRQWURO  8SSHUILOORIGDUNVLOW\IHDWXUHVWUXFWXUH
B6 ± 6HGLPHQWVDPSOHFRQWURO  'HWULWDOPXGV
B6 ± 6HGLPHQWVDPSOHFRQWURO  6PDOOVDQG\OHQVLQWUHHERZO
B6 ± 6HGLPHQWVDPSOHFRQWURO  3RVVLEOHILOORIIHDWXUH
B6 ± 6HGLPHQWVDPSOHFRQWURO  2[LGLVHGSHDW
B6 ± 6HGLPHQWVDPSOHFRQWURO  :RRGSHDW
B6 ± 6HGLPHQWVDPSOHFRQWURO  :RRGSHDW


0LFURVDPSOLQJ E\ GULOOLQJ XVH RI WZHH]HUV RU VZDEELQJ ZLWK VROYHQW ZDV QRW           
DWWHPSWHG EHFDXVH UHVLGXHV ZHUH WRR VPDOO DQG GLVFRQWLQXRXV FRYHULQJ DUHDV RQ          
HDFK WRRO UDQJLQJ IURP DERXW  PP  WR  PP  FXPXODWLYHO\ 7R HQVXUH WKH             
WDUJHW UHVLGXHV ZHUH UHPRYHG LW ZDV QHFHVVDU\ IRU VWRQH WRROV WR EH FRPSOHWHO\            
LPPHUVHGLQRUJDQLFVROYHQWDQGVRQLFDWHG

(DFK VWRQH WRRO ZDV LPPHUVHG LQ  GLFKORURPHWKDQHPHWKDQRO '&00H2+  [          
 PO DQG   O RI WKH LQWHUQDO VWDQGDUG &  DONDQH DW FRQFHQWUDWLRQ RI   J O ZDV                
DGGHG XOWUDVRQLFDWHG IRU  PLQ DQG FHQWULIXJHG DW  530 IRU  PLQ 7KH             
VXSHUQDWDQW ZDV UHPRYHG ZLWK D VWHULOH SDVWHXU SLSHWWH WR D VWHULOH JODVV WXEH            
/LSLGVROXEOH UHVLGXHV ZHUH VROYHQW H[WUDFWHG IURP VRLOV XVLQJ WKH VDPH SURWRFRO DV           
VWRQH WRROV +RZHYHU WKH VHGLPHQW H[WUDFWV KDG WR EH ILOWHUHG WKURXJK VWHULOH JODVV            
SDVWHXUSLSHWWHVVWXIIHGZLWKVWHULOHJODVVZRROWRUHPRYHSDUWLFXODWHPDWWHU

$OO VDPSOHV ZHUH WUDQVIHUUHG WR VWHULOH K\GURO\VLV YLDOV HYDSRUDWHG XQGHU D JHQWOH           
VWUHDP RI 1  RQ D KHDWLQJ EORFN DQG VWRUHG LQ WKH IUHH]HU DW  & SULRU WR                
GHULYDWLVDWLRQ 6DPSOHV ZHUH VLO\ODWHG ZLWK  ȝO RI       
12ELVWULPHWK\OVLO\OWULIOXRURDFHWDPLGH  %67)$ FRQWDLQLQJ  WULFKORURPHWK\OVLODQH    
7&06 DW  & IRU RQH KRXU 6DPSOHV ZHUH HYDSRUDWHG DJDLQ XQGHU D JHQWOH             
VWUHDP RI 1  WUDQVIHUUHG WR *& YLDOV DQG  O RI LQWHUQDO VWDQGDUG &  DONDQH DW               
FRQFHQWUDWLRQ RI   J O ZDV DGGHG WR HDFK VDPSOH 6DPSOHV ZHUH DQDO\VHG XVLQJ D             
$ 6HULHV FKURPDWRJUDSK DWWDFKHG WR D & ,QHUW ;/ PDVVVHOHFWLYH GHWHFWRU          
ZLWK D TXDGUXSROH PDVV DQDO\VHU $JLOHQW 7HFKQRORJLHV &KHDGOH 8. 7KH W\SH RI           
LRQLVDWLRQ XVHG ZDV HOHFWURQ LPSDFW LRQLVDWLRQ ZLWK DQ LRQLVDWLRQ HQHUJ\ RI  H9            
7KH *& FROXPQ XVHG ZDV D '%PV SKHQ\OPHWK\OSRO\VLOR[DQH FROXPQ  P          
î  PP î  P -	: 6FLHQWLILF )ROVRP &$ 86$ DQG KHOLXP ZDV WKH              
FDUULHU JDV 7KH WHPSHUDWXUH IRU WKLV FROXPQ ZDV VHW DW & IRU  PLQ ULVLQJ E\               
&PLQ WR & ZKHUH LW ZDV PDLQWDLQHG IRU  PLQ 'DWD DFTXLVLWLRQ WLPH ZDV             
 PLQ 7KH VDPSOHV ZHUH LQMHFWHG ZLWK D VSOLWOHVV LQMHFWRU DQG WKH LQMHFWRU            
WHPSHUDWXUHZDV&

)RU GDWD DQDO\VLV $JLOHQW 06' &KHPVWDWLRQ VRIWZDUH YHUVLRQ *($        
( ZDV XVHG &RPSRXQGV LQ VSHFWUD ZHUH LGHQWLILHG E\ FRPSDULVRQ ZLWK          
WKH 1DWLRQDO ,QVWLWXWH RI 6WDQGDUGV DQG 7HFKQRORJ\ 1,67 /LEUDU\ SXEOLVKHG         
OLWHUDWXUH DQG SUHSDUHG PRGHUQ UHVLQV 3HDN DUHDV ZHUH XVHG IRU UHODWLYH          
TXDQWLILFDWLRQ E\ FRPSDULVRQ ZLWK WKH NQRZQ DPRXQW RI WKH LQWHUQDO VWDQGDUG &            
DONDQH


5HVXOWV

1LQH RI WKH WZHOYH WRROV ZLWK GDUN FRORXUHG DPRUSKRXV UHVLGXHV FRQWDLQHG          
FRPSRXQGV FRQVLVWHQW ZLWK 3LQDFHDH WUHH UHVLQ IRXU PLFUROLWKV WZR EODGHV WZR          
EODGHOHWV DQG RQH EXULQ $OWKRXJK 3LQDFHDH FRQWDLQV WKH JHQHUD $ELHV &DWKD\D          
&HGUXV .HWHOHHULD /DUL[ 1RWKRWVXJD 3LFHD 3LQXV 3VHXGRODUL[ 3VHXGRWVXJD DQG        
7VXJD RQO\ 3LQXV ZDV SUHVHQW GXULQJ WKH (DUO\ 0HVROLWKLF LQ WKH 9DOH RI 3LFNHULQJ             
ZKHUH WKH 6WDU &DUU VLWH LV ORFDWHG 0RUH VSHFLILFDOO\ UHVLQ RULJLQDWLQJ IURP 3LQXV            
V\OYHVWULV VFRWV SLQH LV WKH PRVW OLNHO\ VRXUFH EDVHG RQ SDO\QRORJLFDO HYLGHQFH IURP            
WKH 9DOH RI 3LFNHULQJ 7KH ILYH WRROV LQ WKH QHJDWLYH FRQWURO JURXS WKDW FRQWDLQHG QR              
PLFURVFRSLFSRWHQWLDOO\UHVLQRXVUHVLGXHVZHUHQHJDWLYHIRU3LQDFHDHFRPSRXQGV

7KH GDUN FRORXUHG DPRUSKRXV UHVLGXHV IRXQG RQ WRROV GLG QRW DSSHDU WR H[KLELW D             
UHJXODU SDWWHUQ RI RFFXUUHQFH RQ WRRO VXUIDFHV 5DWKHU WKHVH GHSRVLWV ZHUH IRXQG LQ            
VHYHUDO ORFDWLRQV RQ WRROV LQFOXGLQJ SODFHV QRW H[SHFWHG WR EH DVVRFLDWHG ZLWK           
KDIWLQJ VXFK DV GLVWDO SRLQWHG WLSV DQG FRQILQHG WR WKH FHQWUH DUHDV RI WRROV 7KH              
GLVWULEXWLRQ RI UHVLGXH ZDV DOVR PLQLPDO XVXDOO\ FRYHULQJ RQO\ D IUDFWLRQ DORQJ D WRRO             
HGJH 7KH PLFURVFRSLF QDWXUH RI WKH UHVLGXHV DQG VPDOO VDPSOH VL]H LQ WKLV VWXG\             
PDNHV LQWHUSUHWDWLRQV RI WRRO XVH VSHFXODWLYH KRZHYHU VRPH SRVVLELOLWLHV DUH         
GLVFXVVHGEHORZ

7KH QLQH WRROV WKDW FRQWDLQHG FRPSRXQGV UHODWHG WR 3LQDFHDH ZHUH UHFRYHUHG IURP           
ERWK ZDWHUORJJHG DQG GU\ DUHDV RI 6WDU &DUU )LJ   7KHUH LV QR DSSDUHQW FOXVWHULQJ              
VSDWLDOO\ RI WKHVH WRROV RQ VLWH EXW WKUHH WRROV ZHUH DVVRFLDWHG ZLWK WKH GU\ ODQG              
VWUXFWXUHV


)LJ
/RFDWLRQRIQLQHVWRQHWRROVWKDWFRQWDLQHGRUJDQLFUHVLGXHVZLWK3LQDFHDHFRPSRXQGV


$ UDQJH RI RUJDQLF FRPSRXQGV ZHUH IRXQG LQFOXGLQJ VDWXUDWHG IDWW\ DFLGV HJ &             
P\ULVWLF DFLG &  SDOPLWLF DFLG &  VWHDULF DFLG DQG GLFDUER[\OLF DFLGV DGLSLF DFLG            
D]HODLF DFLG 1LQH RI WKH WRRO VDPSOHV FRQWDLQHG SURGXFWV UHODWHG WR FRPPRQ QDWXUDO            
IDWW\ DFLGV IRXQG LQ SODQWV DQG DQLPDOV ZLWK SDOPLWLF DFLG &  DQG VWHDULF DFLG             
&  IRXQG LQ WRRO H[WUDFW VDPSOHV IURP                
   DQG  3DOPLWLF DFLG DQG VWHDULF DFLG ZHUH SUHVHQW LQ            
VL[ RI QLQH VHGLPHQW VDPSOH FRQWUROV %RWK WKHVH FRPSRXQGV DUH XELTXLWRXV DQG FDQ            
RULJLQDWHIURPWKHIOLQWDUHVLQRUWUDQVIHUWRVWRQHWRROVIURPWKHVHGLPHQW

'LWHUSHQRLGFRPSRXQGVDVVRFLDWHGZLWK 3LQDFHDH UHVLQ

7KUHH FRQLIHUGHULYHG GLWHUSHQRLG UHVLQ DFLGV FRQVLGHUHG DV DOWHUHG SURGXFWV RI         
DELHWLF DFLG ZHUH LGHQWLILHG GHK\GURGHK\GURDELHWLF DFLG 'HK\GUR'+$      
GHK\GURDELHWLF DFLG '+$ DQG R[RGHK\GURDELHWLF DFLG R[R'+$ )LYH WRROV        
FRQWDLQHG WKUHH GLWHUSHQRLG UHVLQ DFLGV 'HK\GUR'+$ '+$ DQG R[R'+$ DQG         
D IXUWKHU IRXU WRROV FRQWDLQHG WZR RI WKHVH GLWHUSHQRLGV 'HK\GUR'+$ DQG '+$           
7DEOH  7KHVH GLWHUSHQRLG UHVLQ DFLGV KDYH DQ DELHWDQH VNHOHWRQ DQG KDYH EHHQ            
UHSRUWHG LQ DUFKDHRORJLFDO DQG KLVWRULFDO VDPSOHV DV PDUNHUV LQGLFDWLYH RI 3LQDFHDH          
UHVLQ $QGUHRWWL HW DO  &RORPELQL HW DO  (YHUVKHG HW DO  )R[ HW DO               
 +HOZLJ HW DO  +MXOVWU|P HW DO  0LOOV DQG :KLWH               
3DVWRURYD HW DO  3pUH]$UDQWHJXL HW DO  3ROODUG DQG +HURQ            
3URHINH DQG 5LQHKDUW  5HJHUW  5HJHUW HW DO  E 5HJHUW DQG            
5RODQGR  5LFKDUGLQ  5RELQVRQ HW DO  6FDODURQH HW DO            
6FDODURQH DQG &KLDQWRUH  9DQ GHQ %HUJ HW DO    $ FKURPDWRJUDP            
DQG PDVV VSHFWUD IURP RQH RI WKH WRROV EXULQ  FRQWDLQLQJ 'HK\GUR'+$           
'+$DQGR[R'+$LVSUHVHQWHGLQ)LJ

7DEOH
'LWHUSHQRLGVIRXQGRQHDFKWRRO
1XPEHU
7RRO
W\SHVHGLP
HQWVDPSOH
&RQWH[W
0LFURVFRSLF
GHVFULSWLRQRI
UHVLGXHV
5HVLGXHORFDWLRQ 3LQDFHDHUHVLQFRPSRXQGV
 %XULQ 5HHGSHDW
%ODFNVKLQ\GHSRVLWV
ZLWKEXEEO\VPRRWK
DSSHDUDQFH
'RUVDOOHIWPLGHGJH
DQGGRUVDOFHQWUH
GLVWDOVOLJKWO\OHIW
'+$
'HK\GUR'+$
R[R'+$
B6
6HGLPHQW
VDPSOH
FRQWURO
5HHGSHDW 1$ 1$ ±
 %ODGH )LOORIVPDOOSLW
%ODFNVKLQ\GHSRVLW
DVVRFLDWHGZLWK
PLFURFKDUFRDOXQEXUQW
ZRRGIUDJPHQWVDQG
VHGLPHQWDGKHULQJ
'RUVDOVXUIDFH
FHQWUH
'+$
'HK\GUR'+$
R[R'+$
B6
6HGLPHQW
VDPSOH
FRQWURO
)LOORIVPDOO
SLW 1$ 1$ ±
 0LFUROLWK
8SSHUILOORI
GDUNVLOW\
IHDWXUHVWUXF
WXUH
%ODFNDPRUSKRXV
GHSRVLW
9HQWUDOSUR[LPDO
PLGHGJH
'+$
'HK\GUR'+$
R[R'+$
B6
6HGLPHQW
VDPSOH
FRQWURO
8SSHUILOORI
GDUNVLOW\
IHDWXUHVWUXF
WXUH
1$ 1$ ±
 %ODGH 'HWULWDOPXGV %ODFNJUDQXODUGHSRVLWV
&RUWH[VXUIDFH
YHQWUDOOHIWSUR[LPDO
HGJH6DPHGHSRVLW
W\SHDOVRDORQJ
UHYHUVHHGJHRI
WRROGRUVDOULJKW
VLGHPLGHGJH
'+$
'HK\GUR'+$
R[R'+$
B6
6HGLPHQW
VDPSOH
FRQWURO
'HWULWDO
PXGV 1$ 1$ ±
 0LFUROLWK
6PDOOVDQG\
OHQVLQ
WUHHERZO
0LFURFKDUFRDO 9HQWUDOGLVWDOWLS '+$'HK\GUR'+$
B6
6HGLPHQW
VDPSOH
FRQWURO
6PDOOVDQG\
OHQVLQ
WUHHERZO
1$ 1$ ±
 0LFUROLWK 3RVVLEOHILOORIIHDWXUH 0LFURFKDUFRDO
9HQWUDOOHIWFXUYHG
HGJH6DPHGHSRVLW
W\SHDOVRDORQJ
UHYHUVHHGJHRI
WRROGRUVDOULJKW
HGJH
'+$
'HK\GUR'+$
B6
6HGLPHQW
VDPSOH
FRQWURO
3RVVLEOHILOO
RIIHDWXUH 1$ 1$ ±
 %ODGHOHW 2[LGLVHGSHDW
4EODFNUHVLQRXV
GHSRVLWDVVRFLDWHGZLWK
ZKLWHFU\VWDOOLQH
PDWHULDO4ERQHRU4
PLQHUDO"
9HQWUDOULJKWGLVWDO
HGJH
'+$
'HK\GUR'+$
R[R'+$
B6
6HGLPHQW
VDPSOH
FRQWURO
2[LGLVHG
SHDW 1$ 1$ ±
 %ODGHOHW :RRGSHDW
%ODFNVKLQ\PDWHULDO
ZKLFKDSSHDUVFUDFNHG
DQGSODWHOLNH
/DUJHDUHDVRIWKH
YHQWUDOVXUIDFH
FRYHUHG
'+$
'HK\GUR'+$
B6
6HGLPHQW
VDPSOH
FRQWURO
:RRGSHDW 1$ 1$ ±
 0LFUROLWK :RRGSHDW
%ODFNSODQWPDWHULDO
DVVRFLDWHGZLWKLURQ
R[LGH
9HQWUDOOHIWHGJH '+$'HK\GUR'+$
B6
6HGLPHQW
VDPSOH
FRQWURO
:RRGSHDW 1$ 1$ ±
 )ODNH :RRGSHDW
%ULJKWVSDUNO\EODFN
GHSRVLWVFRQWDLQLQJ
SRWHQWLDOVWULDWLRQV4
WDU4SODQWUHPDLQV"
'RUVDOULJKWPLG
DQGSUR[LPDOHGJHV ±
 %ODGHIUDJPHQW
*UH\RUDQJH
FOD\RQGU\
ODQGSDUWRI
WKHVLWH
%ODFNVSRWV4WDU
7UDQVOXFHQWUHVLGXH
DORQJHGJHFRQWDLQV
EODFNVSHFNV4
FKDUFRDOIUDJV"
9HQWUDOGLVWDOHGJH ±
 %XULQ :RRGSHDW
%ODFNVSRWV4WDU4
FKDUFRDO:LWKSRODULVHU
DQGDQDO\VHUEULJKW
ZKLWHSDUWVRIWKH
UHVLGXHWXUQEODFN
'RUVDOULJKW
SUR[LPDOHGJH ±

QHJDWLYH
FRQWURO
%ODGH
*UH\RUDQJH
FOD\RQGU\
ODQGSDUWRI
WKHVLWH
1RSRWHQWLDOO\UHVLQRXV
UHVLGXHV 1$ ±

QHJDWLYH
FRQWURO
%ODGHOHW 'HWULWDOPXGV
1RSRWHQWLDOO\UHVLQRXV
UHVLGXHV 1$ ±

QHJDWLYH
FRQWURO
%ODGHOHW 5HHGSHDW 1RSRWHQWLDOO\UHVLQRXVUHVLGXHV 1$ ±

QHJDWLYH
FRQWURO
%ODGH
IUDJPHQW 5HHGSHDW
1RSRWHQWLDOO\UHVLQRXV
UHVLGXHV 1$ ±

QHJDWLYH
FRQWURO
6FUDSHU :RRGSHDW 1RSRWHQWLDOO\UHVLQRXVUHVLGXHV 1$ ±


)LJ
7RWDO LRQ FKURPDWRJUDP RI WKH WULPHWK\OVLO\ODWHG UHVLGXH H[WUDFW IURP EXULQ  FRQWDLQLQJ WUDFH            
DPRXQWV RI 'HK\GUR'+$ '+$ DQG R[R'+$ & Q[ LQGLFDWHV IDWW\ DFLG ZLWK Q FDUERQ DWRPV DQG [               GRXEOH ERQGV ,6 DQG ,6 LQGLFDWHV WKH LQWHUQDO VWDQGDUGV &  DQG &  UHVSHFWLYHO\ ,QVHW PDVV              VSHFWUDRI'HK\GUR'+$'+$DQGR[R'+$

5HWHQH D WKHUPDO DOWHUDWLRQ PDUNHU UHVXOWLQJ IURP WKH VWURQJ KHDWLQJ RI 3LQDFHDH           
UHVLQ )RQW HW DO  0RGXJQR DQG 5LEHFKLQL   ZDV QRW SUHVHQW LQ DQ\ RI WKH               
H[WUDFWV IURP VWRQH WRRO UHVLGXHV $ELHWLF DFLG ZDV DOVR QRW IRXQG LQ DQ\ WRRO             
VDPSOHV 3HUKDSV WKLV LV QRW VXUSULVLQJ VLQFH DELHWLF DFLG LV GRPLQDQW LQ IUHVK EOHHG             
UHVLQ EXW LV WUDQVIRUPHG LQ DWPRVSKHULF FRQGLWLRQV LQWR R[LGLVHG FRPSRXQGV %HOWUDQ          
HWDO 

'HVSLWH WKH YLVXDO SUHVHQFH RI EODFN SRWHQWLDOO\ UHVLQRXV GHSRVLWV RQ WRROV            
 DQG  QR GLWHUSHQHV ZHUH IRXQG LQ WKHLU H[WUDFWV 7KLV ILQGLQJ FDXWLRQV            
WKDW WKH YLVXDO LGHQWLILFDWLRQ RI OLWKLF UHVLGXHV FDQ EH PLVOHDGLQJ RU H[KLELW KLJK            
DPELJXLW\ VXSSRUWLQJ WKH SUHYLRXV UHVXOWV RI 0RQQLHU HW DO   3HGHUJQDQD DQG           
%ODVFR  &URIWHWDO &URIW DQG&URIW&URIWHWDO 

&RQWUROV

7RRO H[WUDFWV ZHUH FRPSDUHG WR WKHLU XQGHUO\LQJ VHGLPHQW VDPSOH FRQWUROV %\ WDNLQJ           
WKLV VWHS WKH VHGLPHQW DV D SRVVLEOH FRQWDPLQDWLRQ VRXUFH RQ WKH VWRQH WRROV FRXOG             
EH H[FOXGHG '+$ R[R'+$ DQG GHK\GUR'+$ ZHUH QRW SUHVHQW LQ DQ\ RI WKH            
VHGLPHQW H[WUDFWV 7DEOH  $V D JURXS WKH VHGLPHQW VDPSOH FRQWUROV ZHUH W\SLFDOO\            
FKDUDFWHULVHG E\ WKH SUHVHQFH RI VDWXUDWHG IDWW\ DFLGV DONDQHV DQG DOFRKROV DV ZHOO            
DVSODQWVWHUROV)LJ


)LJ
([DPSOH RI D VHGLPHQW VDPSOH FRQWURO WRWDO JDV FKURPDWRJUDP FROOHFWHG XQGHUQHDWK WRRO             
1RWH 'HK\GUR'+$ '+$ DQG R[R'+$ DUH QRW SUHVHQW &Q[ LQGLFDWHV IDWW\ DFLG ZLWK Q FDUERQ              
DWRPV DQG [ GRXEOH ERQGV &Q2+ LQGLFDWHV DONDQRO ZLWK Q FDUERQ DWRPV ,6 DQG ,6 LQGLFDWHV WKH                
LQWHUQDOVWDQGDUGV&DQG&UHVSHFWLYHO\

7KH QHJDWLYH FRQWUROV GLG QRW FRQWDLQ '+$ R[R'+$ RU GHK\GUR'+$ 7KUHH RI           
WKH WZHOYH WRROV WKDW ZHUH K\SRWKHVLVHG WR FRQWDLQ UHVLQRXV UHVLGXHV EDVHG RQ           
PLFURVFRSLF REVHUYDWLRQV GLG QRW FRQWDLQ WKHP 7KLV ILQGLQJ VXJJHVWV WKDW YLVXDO          
REVHUYDWLRQV VKRXOG EH WHVWHG E\ FKHPLFDO FKDUDFWHULVDWLRQ WHFKQLTXHV 0RGHUQ        
FRQWDPLQDQWV  P] LRQ  SKWKDOLF DFLG -L HW DO  /L HW DO  ZHUH              
GHWHFWHG LQ ERWK WRROV DQG VHGLPHQWV PRVW OLNHO\ GHULYHG IURP WKH SODVWLF ]LS ORFN             
EDJV XVHG WR FROOHFW VWRQH WRROV DQG VHGLPHQW VDPSOHV RU FOLQJ ILOP XVHG DV D FOHDQ               
VXUIDFHIRUGU\LQJVWRQHWRROVDIWHUFOHDQLQJ

'LVFXVVLRQ

1DWXUDORUDQWKURSRJHQLF 3LQDFHDH GLWHUSHQRLGV"

3LQDFHDH FRPSRXQGV GHK\GUR'+$ '+$ R[R'+$ ZHUH IRXQG RQ QLQH VWRQH         
WRROV 7KHVH FRXOG EH WKH UHPDLQV RI DUFKDHRORJLFDO 3LQDFHDH UHVLQ UHVLGXHV RU           
QDWXUDO GHSRVLWV IURP GLUHFW RU LQGLUHFW H[SRVXUH WR EXUQLQJ ZRRG 7KH QDWXUH RI WKH             
GDWDLVFRQVLGHUHGEHORZ

(YLGHQFH RI SLQH PDFURERWDQLFDO UHPDLQV VXFK DV ZRRG QHHGOHV RU FRQHV DW 6WDU            
&DUU WR FRUURERUDWH WKH FKHPLFDO ILQGLQJV LV ODFNLQJ 5DGLQL HW DO   +RZHYHU            
3LQDFHDH UHVLQ FRXOG KDYH EHHQ FROOHFWHG ZKHQ SHRSOH WUDYHOHG RXWVLGH RI WKH           
LPPHGLDWH VXUURXQGLQJV RI 6WDU &DUU ,W LV DOVR SRVVLEOH WKDW WRROV ZLWK 3LQDFHDH UHVLQ             
DOUHDG\RQWKHLUVXUIDFHVZHUHEURXJKWWRWKHVLWHIURPHOVHZKHUH

,W PLJKW EH SRVLWHG WKDW WKH WRROV IRXQG WR FRQWDLQ 3LQDFHDH UHVLQ DFLGV DW 6WDU &DUU               
ZHUH KHDW WUHDWHG LQ D ILUH FRQWDLQLQJ HPEHUV RI 3LQDFHDH ZRRG DQG KHQFH            
GLWHUSHQRLG FRPSRXQGV IURP GULSSLQJ UHVLQ FRXOG KDYH WUDQVIHUUHG WR WKH VXUIDFHV RI           
WKH IOLQW 6FKPLGW HW DO   SURSRVHG WKDW KHDW WUHDWPHQW RI VLOFUHWH ZDV             
FDUULHG RXW DW WKH 0LGGOH 6WRQH $JH VLWH RI 'LHSNORRI 5RFN 6KHOWHU 6RXWK $IULFD DV              
HYLGHQFHG E\ WKH VLPLODU SUHVHQFH DQG ORFDWLRQV RI EODFN KHDW WHPSHULQJUHVLGXHV RQ           
ERWK H[SHULPHQWDO DQG DUFKDHRORJLFDO WRROV 3HUKDSV LW LV SRVVLEOH WKDW 0HVROLWKLF          
SHRSOH DW 6WDU &DUU ZHUH KHDW WUHDWLQJ WKH IOLQW SULRU WR NQDSSLQJ EXW DJDLQ WKHUH DUH               
QR SLQH PDFURERWDQLFDO UHPDLQV RQ VLWH VR QR HYLGHQFH RI ILUHV ZLWK 3LQDFHDH ZRRG             
DUH SUHVHQW $OVR KHDW WUHDWPHQW GRHV QRW PDNH VHQVH DV D SUDFWLFDO PDQXIDFWXULQJ            
FKRLFH IRU WKH IOLQW DUWHIDFWV IRXQG DW 6WDU &DUU 7KH PDMRULW\ RI VWRQH WRROV IURP WKH               
VLWH DUH PDGH RI D KLJK TXDOLW\ FU\SWRFU\VWDOOLQH JODFLDO WLOO IOLQW VR IUDFWXULQJ            
SURSHUWLHVZRXOGQRWEHLPSURYHGVLJQLILFDQWO\E\KHDWLQJ

'LWHUSHQRLG UHVLQ DFLGV FDQ DOVR EH IRXQG ZLWKLQ VPRNH SDUWLFXODWHV IURP EXUQLQJ           
FRQLIHU ZRRG 6LPRQHLW   :RRG EXUQLQJ H[SHULPHQWV E\ 6LPRQHLW HW DO            
DQG )LQH HW DO  VKRZHG WKDW '+$ DQG R[R'+$ DPRQJ RWKHUV ZHUH IRXQG             
LQ VPRNH UHVLGXHV IURP WZR SLQH VSHFLHV  3LQXV HOOLRWWLL DQG 3LQXV WDHGD  7KH WRRO             
VDPSOHV IURP 6WDU &DUU GLG FRQWDLQ '+$ DQG R[R'+$ ZKLFK ZHUH DOVR IRXQG LQ             
SDUWLFXODWHV LQ VPRNH IURP PRGHUQ 3LQXV ZRRG FDPSILUHV +RZHYHU RWKHU PDMRU          
PDUNHUV RI SLQH VPRNH IRXQG LQ 3LQXV HOOLRWWLL DQG 3LQXV WDHGD  UHSRUWHG E\ 6LPRQHLW             
HW DO  DQG )LQH HW DO   LQFOXGLQJ SLPDULF DFLG LVRSLPDULF DFLG            
VDQGDUDFRSLPDULF DFLG DELHWLF DFLG UHWHQH OHYRJOXFRVDQ D SURGXFW RI FHOOXORVH         
S\URO\VLV DQG OLJQLQ SKHQROLFV VXFK DV YDQLOOLF DFLG ZHUH QRW IRXQG LQ DQ\ RI WKH WRRO               
VDPSOHV RU VHGLPHQW VDPSOH FRQWUROV /HYRJOXFRVDQ VSHFLILFDOO\ VKRXOG KDYH EHHQ         
IRXQG LQ WRRO VDPSOHV LI WKH UHVLGXHV UHVXOWHG IURP H[SRVXUH WR ZRRG VPRNH VLQFH LW              
LV WKH PRVW DEXQGDQW RUJDQLF FRPSRXQG LQ ERWK KDUGZRRG DQG VRIWZRRG VPRNH E\            
PDVV )LQH HW DO  6LPRQHLW HW DO   $OVR GHK\GUR'+$ IRXQG LQ VRPH             
WRRO VDPSOHV KDV QRW EHHQ GHWHFWHG LQ 3LQXV ZRRG VPRNH EXW KDV EHHQ UHSRUWHG LQ              
DUFKDHRORJLFDOUHVLQVDPSOHV

5HILWWLQJ VHTXHQFHV HYLGHQFH WRRO PDQXIDFWXUH ERWK RQ DQG RII VLWH &RQQHOOHU HW DO            
  VR 3LQDFHDH FRPSRXQGV RULJLQDWLQJ IURP HOVHZKHUH PXVW EH FRQVLGHUHG         
%HFDXVH QR PDFURERWDQLFDO SLQH UHPDLQV KDYH EHHQ VHFXUHO\ LGHQWLILHG DW 6WDU &DUU           
WKHUH DUH D QXPEHU RI VFHQDULRV ZKLFK DUH OHVV OLNHO\ RU GLIILFXOW WR VXSSRUW  WKH               
WRROV IRXQG WR FRQWDLQ 3LQDFHDH UHVLQ DFLGV ZHUH KHDW WUHDWHG RQ VLWH DW 6WDU &DUU LQ               
D ILUH ZLWK 3LQDFHDH ZRRG HPEHUV  DQG IXUWKHU H[FDYDWLRQV PD\ UHFRYHU HYLGHQFH RI            
WKH 3LQDFHDH ZRRG  WRROV ZHUH H[SRVHG WR 3LQDFHDH ZRRG VPRNH IROORZLQJ           
GLVFDUG DW 6WDU &DUU DQG IXUWKHU H[FDYDWLRQV PD\ UHFRYHU WKH 3LQDFHDH ZRRG             
SHRSOH PDGH WRROV RII VLWH XVLQJ D ILUH WUHDWPHQW ZLWK 3LQDFHDH ZRRG  DOWKRXJK QR             
KHDW WHPSHULQJUHVLGXHV OLNH WKRVH 6FKPLGW HW DO   UHSRUWHG ZHUH IRXQG           
RU  SHRSOH PDGH WRROV RII VLWH WKDW ZHUH H[SRVHG WR 3LQDFHDH ZRRG VPRNH WKDW              
ZHUHEURXJKWWR6WDU&DUU

6HFRQGO\ D FOHDU DQG FRQVLVWHQW FRQQHFWLRQ EHWZHHQ WKH PLFURVFRSLF DSSHDUDQFH RI          
GDUN FRORXUHG GHSRVLWV DQG WKH SRVLWLYH LGHQWLILFDWLRQ RI WKH 3LQDFHDH UHVLQ DFLGV LQ            
WRRO H[WUDFWV FRXOG QRW EH HVWDEOLVKHG 5DWKHU D YDULHW\ RI GDUN UHVLGXH PRUSKRORJLHV            
ZHUH VHHQ RQ WKH WRROV IURP 6WDU &DUU LQFOXGLQJ JUDQXODU FUDFNHG VKLQ\ DQG EXEEO\             
3HUKDSV 3LQDFHDH UHVLQ UHVLGXHV FDQ H[KLELW PXOWLSOH PRUSKRORJLHV XQGHU WKH         
PLFURVFRSH WKLV DSSHDUV WR FRUURERUDWH REVHUYDWLRQV RI 3LQXV UHVLQ GXULQJ EXULDO          
H[SHULPHQWV E\ &URIW HW DO  ([SHULPHQWDOO\ EXULHG 3LQXV UHVLQ UHVLGXHV          
H[DPLQHG E\ &URIW HW DO  DSSHDUHG YDULDEO\ JUDQXODU VPRRWK WH[WXUHG          
DPRUSKRXV GLIIXVH VKLQ\ RSDTXH DQG ZLWK FRORXUV UDQJLQJ IURP ZKLWH WR UHG WR            
EURZQEODFN $JHG 3LQDFHDH UHVLGXHV IURP D 1RUPDQ ZLJ GDWHG WR $'  ±            
IURP 5RPVH\ $EEH\ +DPSVKLUH 8. FRQWDLQLQJ '+$ PHWK\O HVWHU 'HK\GUR'+$         
706 GHULYDWLYH '+$ 706 GHULYDWLYH DQG R[R'+$ 706 GHULYDWLYH LGHQWLILHG         
ZLWK *&06 ZHUH DOVR D EODFN FRORXU &DPHURQ HW DO   EXW IXUWKHU PLFURVFRS\             
RUYLVXDOLQIRUPDWLRQZDVQRWDYDLODEOH

7KLUGO\ WKH 3LQDFHDH UHVLQUHODWHG SHDNV DOWHUDWLRQ PDUNHUV GHK\GUR'+$ '+$        
DQG R[R'+$ LQ VDPSOHV ZHUH VPDOO LQ HYHU\ FDVH \LHOGLQJ VLJQDOV ORZHU LQ            
DEXQGDQFH WKDQ RWKHU IDWW\ DFLGV DQG SODVWLFL]HUV SUHVHQW LQ WKH FKURPDWRJUDPV 7KH           
TXDQWLW\ RI GHK\GUR'+$ LQ WRRO VDPSOHV ZDV EHWZHHQ  ± QJ '+$ EHWZHHQ           
 ± QJDQGR[R'+$EHWZHHQ ± QJ

7KH ORZ DEXQGDQFH RI 3LQDFHDH UHVLQ FRPSRXQGV SUHVHQW PLJKW VXJJHVW         
FRQWDPLQDWLRQ RI WKH VDPSOHV EXW ODE FRQWDPLQDWLRQ FDQ EH UXOHG RXW DV WKH VRXUFH             
RI WKH GLWHUSHQRLG PDUNHUV VLQFH QRQH RI WKH 3LQDFHDH FRPSRXQGV ZHUH IRXQG LQ WKH             
PHWKRG EODQNV $OVR D VHGLPHQW VRXUFH RI WKH 3LQDFHDH FRPSRXQGV IURP          
HQYLURQPHQWDO FRQWDPLQDWLRQ RI WKH IOLQW FDQ DOVR EH H[FOXGHG VLQFH QR VHGLPHQW           
VDPSOHV FRQWDLQHG 'HK\GUR'+$ '+$ RU R[R'+$ 5HFHQWO\ &RVWD HW DO         
 IRXQG WKDW DELHWLF DFLG DQGRU '+$ DUH SURGXFHG E\ WHQ W\SHV RI SURNDU\RWLF             
F\DQREDFWHULD IURP PDULQH HVWXDULQH DQG LQODQG KDELWDWV 7KXV WKH VWDWXV RI DELHWLF           
DFLG DQG '+$ DV ELRPDUNHUV VSHFLILF WR FRQLIHU SODQWV KDV EHHQ FDOOHG LQWR TXHVWLRQ             
,I WKH '+$ IRXQG KHUH RQ VWRQH WRROV RULJLQDWHG IURP F\DQREDFWHULDO FRQWDPLQDWLRQ LW            
LV UHDVRQDEOH WR H[SHFW '+$ WR EH SUHVHQW LQ WKH VXUURXQGLQJ EXULDO HQYLURQPHQW DV             
ZHOO EXW WKLV ZDV QRW WKH FDVH 7KH PLQLPDO WUDFHV DYDLODEOH IRU VDPSOLQJ LQ WKLV              
VWXG\ ± PLFURVFRSLF UHVLGXHV ± PD\ KDYH FRQWULEXWHG WR WKH ILQGLQJ RI ORZ            
FRQFHQWUDWLRQVRI 3LQDFHDH FRPSRXQGV

,W PLJKW EH DUJXHG WKDW WKH WUDFH OHYHOV RI 3LQDFHDH UHVLQ DFLGV SUHVHQW RQ WKH VWRQH               
WRROV DUH WRR ORZ IRU UREXVW DUFKDHRORJLFDO LQWHUSUHWDWLRQV WR EH GUDZQ +RZHYHU WKH            
OHYHOV DUH VLPLODU WR WKRVH REVHUYHG E\ *LDFKL HW DO  DQG %LDQFKLQ HW DO              
  *LDFKL HW DO  LQWHUSUHWHG ORZ FRQFHQWUDWLRQV RI '+$ DQG R[R'+$           
UHODWLYH WR WKH LQWHUQDO VWDQGDUG DV LQGLFDWLQJ WKH SUHVHQFH RI 3LQDFHDH UHVLQ LQ D             
\HDUROG (WUXVFDQ PHGLFLQH WDEOHW 6LPLODUO\ %LDQFKLQ HW DO  IRXQG ORZ          
FRQFHQWUDWLRQV RI GHK\GUR'+$ '+$ DQG R[R'+$ IURP DQ ,WDOLDQ 5HQDLVVDQFH         
DOWDUSLHFHSDLQWLQJDQGFRQVLGHUHGWKLVHYLGHQFHRI3LQDFHDHUHVLQ

)RXUWKO\ MXVW WKUHH GLWHUSHQRLGV PDUNHU FRPSRXQGV ZHUH IRXQG LQ WKH WRRO VDPSOHV           
7KH LGHQWLILFDWLRQ RI D IXOO VXLWH ILYH RU PRUH RI 3LQDFHDH UHVLQUHODWHG DFLGV IURP             
KLVWRULFDO DQG DUFKDHRORJLFDO VDPSOHV KDYH EHHQ GHVFULEHG %DLOO\ HW DO           
%XUJHU HW DO  (JHQEHUJ HW DO  )R[ HW DO  +HOZLJ HW DO                
+MXOVWU|P HW DO  0RGXJQR DQG 5LEHFKLQL  5DJHRW HW DO  5HJHUW            
 5HJHUW HW DO  5LEHFKLQL HW DO    DQG VXFK UHSRUWV SURYLGH             
VWURQJHU HYLGHQFH IRU WKH LQWHUSUHWDWLRQ RI DQFLHQW 3LQDFHDH UHVLQ 2XU UHVXOWV DUH           
VLPLODU WR RWKHU ILQGLQJV WKDW LGHQWLI\ 3LQDFHDH UHVLQ RQ WKH EDVLV RI WZR WR IRXU              
DOWHUHG DELHWLF DFLG PDUNHU FRPSRXQGV %LDQFKLQ HW DO  ýXNRYVND HW DO             
*LDFKLHWDO3pUH]$UDQWHJXLHWDO3URHINHDQG5LQHKDUW 

7KHFDVHIRUDQDQWKURSRJHQLFRULJLQRI 3LQDFHDH UHVLQ

3HUKDSV WKH VWURQJHVW DUJXPHQW IRU DQ DQWKURSRJHQLF DQG LQWHQWLRQDO RULJLQ RI          
3LQDFHDH FRPSRXQGV RQ VWRQH WRROV IURP 6WDU &DUU LV RIIHUHG E\ SROOHQ UHFRUGV $W             
6WDU &DUU VFRWV SLQH 3LQXV V\OYHVWULV  SROOHQ LV SUHVHQW WKURXJKRXW DOO WKH           
VHTXHQFHV WDNHQ IURP ERWK WKH ODNHHGJH IRXU PRQROLWKV DQG IURP WKH ODNH FHQWUH            
RQH PRQROLWK RI 3DODHRODNH )OL[WRQ 'DUN D E  6LJQLILFDQWO\ QR RWKHU          
SROOHQV IURP WKH 3LQDFHDH JHQHUD  $ELHV &DWKD\D &HGUXV .HWHOHHULD /DUL[         
1RWKRWVXJD 3LFHD 3VHXGRODUL[ 3VHXGRWVXJD DQG 7VXJD  KDYH EHHQ IRXQG LQ WKHVH          
FRUHV 7KH GDWHV IURP WKH SROOHQ FRUHV WDNHQ E\ 'DUN UHODWH WR RFFXSDWLRQ DW 6WDU              
&DUU DQG DOVR DJUHH ZLWK D UHFHQW KLJKUHVROXWLRQ GDWLQJ SURJUDPPH DW 6WDU &DUU            
%D\OLVV HW DO   2WKHU SROOHQ GDWD E\ ,QQHV HW DO  DOVR VXSSRUWV WKH              
SUHVHQFH RI VFRWV SLQH LQ 'DUN¶V SROOHQ FRUHV 'DUN D E  7KH FRQWLQXRXV            
SROOHQ FXUYHV IRU VFRWV SLQH LQ FRQMXQFWLRQ ZLWK SROOHQ SHUFHQWDJHV RI FD  ±            
DQG FRQFHQWUDWLRQ FXUYHV WKDW DOVR VXJJHVW LWV SHUYDVLYHQHVV LQGLFDWH WKDW VFRWV SLQH           
ZDV KLJKO\ OLNHO\ WR KDYH EHHQ SUHVHQW LQ WKH ZLGHU ODQGVFDSH GXULQJ RFFXSDWLRQ RI             
6WDU&DUU

3LQH  3LQXV  SROOHQ LV ELVDFFDWH WZR DLUILOOHG VDFV DUH DWWDFKHG WR HDFK SROOHQ JUDLQ             
DQG DEOH WR WUDYHO FRQVLGHUDEOH GLVWDQFHV IURP WKH WUHH XS WR  NLORPHWHUV            
6FKXVWHU DQG 0LWWRQ   +RZHYHU LQ D VWXG\ RI VFRWV SLQH SROOHQ GLVSHUVDO            
5REOHGR$UQXQFLR DQG *LO  IRXQG WKH WUHH KDV DQ DYHUDJH SROOHQ GLVSHUVDO           
GLVWDQFH RI  P ZLWK RQO\  RI HIIHFWLYH SROOHQ PRYLQJ EH\RQG  P RI WKH               
VRXUFH WUHH (YHQ FRQVLGHULQJ WKDW D IUDFWLRQ RI 3LQXV SROOHQ FDQ GLVSHUVH JUHDW            
GLVWDQFHV E\ ZLQG FXUUHQWV SDO\QRORJLVWV KDYH VWLOO DVFULEHG 3LQXV DV SUHVHQW          
DOWKRXJK OLNHO\ UHVWULFWHG WR VSHFLILF KDELWDWV LQ (DUO\ 0HVROLWKLF HQYLURQPHQWV QHDU          
6WDU&DUU

7KH FDVH IRU DQ DQWKURSRJHQLF RULJLQ RI 3LQDFHDH UHVLQ FRPSRXQGV RQ VWRQH WRROV            
IURP 6WDU &DUU LV DOVR VWUHQJWKHQHG LQ DQ DQDORJLFDO ZD\ E\ HWKQRJUDSKLF HYLGHQFH            
$PRQJ KXQWHUJDWKHUHUV 3LQXV UHVLQ LV XQLYHUVDOO\ YLHZHG DV D YDOXHG UHVRXUFH ,WV           
H[SORLWDWLRQ IRU XWLOLWDULDQ LWHPV PHGLFLQHV DQG HYHQ IRRG LV ZHOOGRFXPHQWHG DQG          
UHPDLQV ZLGHVSUHDG 7KXV ZH VXJJHVW DQ\ 3LQXV UHVLQ DYDLODEOH WR 0HVROLWKLF          
SHRSOH LQ %ULWDLQ FRXOG KDYH EHHQ SXW WR P\ULDG DSSOLFDWLRQV 3LQXV UHVLQ XVH E\             
QDWLYH DERULJLQDO JURXSV LQ %ULWLVK &ROXPELD &DQDGD 7XUQHU  S            
&DOLIRUQLD 86$ %DOOV  S  'X %RLV  S  /D\ODQGHU  S               
RULJLQDOO\ LQ (DVWZRRG   1RUWKHUQ 0H[LFR %HQQHWW DQG =LQJJ  S             
0HVRDPHULFD /DQJHQKHLP  S   0DOD\VLD *LDQQR  S   6ZHGHQ          
1RUZD\DQG)LQODQG %HUJPDQHWDO DUHQRWHGLQHWKQRJUDSKLFDFFRXQWV

$V $YHOLQJ DQG +HURQ  VKRZHG DW OHDVW RQH SODQWEDVHG DGKHVLYH ELUFK EDUN            
WDU ZDV FOHDUO\ XVHG E\ WKH SHRSOH YLVLWLQJ 6WDU &DUU &RQWUDU\ WR H[SHFWDWLRQ DQG             
SDUWLFXODUO\ FRQVLGHULQJ WKH GDUN DQG VKLQ\ DSSHDUDQFH RI PDQ\ UHVLGXH GHSRVLWV RQ           
DUWHIDFWV QR FKHPLFDO HYLGHQFH RI ELUFK EDUN WDU ZDV IRXQG RQ WRROV EDVHG RQ             
FRPSDULVRQ ZLWK WKUHH GLIIHUHQW UHIHUHQFH ELUFK EDUN WDUV DQG WKH OLWHUDWXUH +RZHYHU           
WKH ILQGLQJ RI FRPSRXQGV FRQVLVWHQW ZLWK 3LQDFHDH UHVLQ PD\ KDYH VLJQLILFDQW          
LPSOLFDWLRQVIRURXUXQGHUVWDQGLQJRIWKHKXQWHUJDWKHUHUVWKDWYLVLWHG6WDU&DUU

)RU LQVWDQFH FRQILUPDWLRQ RI 3LQDFHDH UHVLQ DW 6WDU &DUU YLD RWKHU VWXGLHV ZRXOG            
IXUWKHU EROVWHU WKH LGHD WKDW LQ DGGLWLRQ WR ZRRG XVHG DV FRQVWUXFWLRQ PDWHULDO IRU             
VWUXFWXUHV DQG VPDOO DUWHIDFWV %DPIRUWK HW DO  7D\ORU HW DO   (DUO\            
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 )OHWFKHU HW DO   *LYHQ WKDW QR            
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PRUH SUHGLFWDEOH E\ SXUSRVHIXO VFDULILFDWLRQ RI SLQH WUHHV DV D W\SH RI SODQW            
PDQDJHPHQWSUDFWLFH

7KH UHVXOWV SUHVHQWHG KHUH PLJKW DOVR KLQW WKDW D WUDGLWLRQ RI UHVLQ XVH H[LVWHG 7KH              
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WUDGLWLRQDOHFRORJLFDONQRZOHGJH 7XUQHU 

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&RQFOXVLRQ

7KLV VWXG\ LV WKH ILUVW WR UHSRUW WKH SUHVHQFH RI '+$ R[R'+$ DQG            
'HK\GUR'+$ IURP WKH (DUO\ 0HVROLWKLF VLWH RI 6WDU &DUU 7KHVH WKUHH FRPSRXQGV           
DUH GHULYDWLYHV RI DELHWLF DFLG ± D ELRPDUNHU IRXQG LQ WKH UHVLQ RI WUHHV RI WKH               
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RU D PRGHUQ FRQWDPLQDQW VRXUFH IURP WKH ODE $GGLWLRQDOO\ WKH QHJDWLYH FRQWURO           
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3LQDFHDHUHVLQDFLGVDVH[SHFWHG
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XVLQJ FRQLIHU UHVLQ LQ VRPH ZD\V KRZHYHU WKH SUHFLVH QDWXUH RI LWV H[SORLWDWLRQ LV             
FXUUHQWO\VSHFXODWLYH
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XVH

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$FNQRZOHGJHPHQWV
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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